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ln yitro experiments have shown that twlce dally exposure of 3. mutans
to varlous tluorlide salts has shown that only SnFp significantly alters
thls organisms growth and metaboilsm. The antibacterial effect of Snf, yas .
assoclated with an uptake of tin into the bacteria. Fluoride salts of |
sodium, lead, zinc, and copper had Ilttle effect in thls test system. The -
pH of the various fluoride saits generally had no effect on the test -ﬁ
compound activlty except for the noted Inactivation of SnfF5 at elevated L
pH's. Since SnFy4 also did not affect the growth or metabollsm of S, ;]
mutans, a unique property of SnF,, possibly its reactivity In an aqueous '
environment, may be responsible for Its antibacteriai propertles.

Stannous fluorlide was compared to NaF (5 ppm F7) In the drinking water
of hamsters to test whether SnF, had greater carles Inhibltory effects due
to Its potential antibacterial effects. The number of enamel and dentlnal
carious leslons In both the NaF and SnF, group was significantly different
from the delonlzed water group; however, there was no dlfference in caries
scores between the NaF and SnF, group. The recovery of 3. mutans was
highly variabte between animals and showed no statistical difference

between groups.

Twenty-two human subjects, who were regarded as potentially carles
active, rinsed twice a day with elther acidulated NaF or SnfF, mouthrinses,
adjusted to 200 ppm F~. There was a small (2 times) but significant
reduction In Total CFU per m! sallva in both groups after a year. No
differences were found In lactobacli!l counts between the 2 mouthrinse
groups or longltudinally within the groups. Of importance the apparent
4 selective reduction In 2. mutans found in those subjects rinsing wlth Snf.
i At the end of | year, the Snf, group had less (26 times) fewer 3. mutans

compared to baseline. With regard to carles, -all patients continued to be
carles active after one year despite the use of two dally fluorlide
mouthrinses; however, the subjects rinsing with SnfF, developed
approximately halt the number of new carlous leslons to those subjects
rinsing with acidulated NaF. With regard to gingival health, this study
did tInd that Snf, was an adjunct In decreasing ginglval inflammation. The
lower frequency of bleeding sites and the corresponding lower mean Gi Il.ﬁ
scores In the SnF, group compared to the NaF group demonstrates that ;
rinsing with Snf, favorably affected gingival health.

The controlled release clinical trials were designed to examine the ]
safety and efflcacy of a controlled release dellvery system of SnF5 In a .
small number of human subjects. The SnF, restorations showed no signs of i;!
wear or loss of Integrity In both the trials. The sallvary fluoride release
rate was found to average 0.3 ppm over the 34 day trlal. Some effect on )
both the quantlty and proportlion of microorganisms was noted In those
subjoects who had a Snfy-polycarboxylate restorations in place. While there
was an lIncrease ot recovery of total colony forming units from sallvary in ]
the placebo group during the experimental perlod, probably due to .51

L e ab b 4

cuspenslon of oral hygiene In thls period, a decrease In total bacterlia was
noted In the SnF, group. This decrease In sallvary microorganisms may be |
selective since g‘ sanguls recoveries showed no dlfference between groups 1
whilte S, mutans recoveries appeared less In those subjects having the SnF) f.:
0
1
]
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) restoration. The effect of the Snf, dellvery system agalnst plaque and -
glngtvitlis was not Impressive. e
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Summary

1n vitro experiments have shown that twice dally exposure of S. mutans

to various fluoride salts has shown that only Snfp significantly alters ;ﬁ
thls organisms growth and metabolism. The antibacterial effect of Snf; was ;ﬂ
assoclated with an uptake of tin into the bacteria. Fluorlide salts of ;é
sodlum, lead, zlInc, and copper had [Ittle effect In this test system. The .?

R

pH of the various fluoride salts generally had no effect on the test
F compound activity except for the noted Inactivation of SnF, at elevated

pH's. Since Snfy4 also did not affect the growth or metabol Ism of S.

.

mutans, a unique property of SnF,, possibly its reactivity In an agueous

environment, may be responsible for its antibacterial properties.

Stannous fluoride was compared to NaF (5 ppm F™) In the drinking water

'-'*Lhml"; ¢

of hamsters to test whether SnfF, had greater caries Inhibitory effects due
to Its potential antibacterial effects. The number of enamel and dentinal
carious leslons In both the NaF and SnF, group was significantly different
from the deionized water group; however, there was no difference In caries
scores between the NaF and SnF, group. The recovery of 5. mufans was A
highly varlable between animals and showed no statistical difference -ﬂ
between groups. l;
Twenty-two human subjects, who were regarded as potentlally carles i
active, rinsed twice a day with elther acldulated NaF or SnF, mouthrinses, 1

adjusted to 200 ppm F~. There was a smali (2 times) but significant

ot of o

reduction in Jotal CFU per m| saliva In both groups after a year. No
gifferences were found in lactobacilii counts between the 2 mouthrinse
groups or longitudinally within the groups. Of Importance the apparent
sefective reduction in S, mutans found In those subjects rinsing with SnFZ,

At the end of | year, the SnF, group had less {26 times) fewer S. mutans
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compared to baseline. WIith regard to carles, all patlients continued to be
carles actlive after one year desplite the use of two dally fluorlide
mouthrinses; however, the subjects rinsing with Snf, developed
approximately half the number of new carious leslons to those subjects

rinsing with acidulated NaF. WIth regard to gingival health, this study

did flnd that Snf, was an adjunct in decreasing gingival Infiammation. The
lower frequency of bleeding sltes and the corresponding lower mean G|
scores In the SnF, group compared to the NaF group demonstrates that
rinsing with SnfF, favorably affected gingival health. l;f

The controltled retease clinlcal trials were designed to examine the ]

safety and efficacy of a controllied release dellivery system of Snfo ina .

small number of human subjects. The SnfF, restorations showed no signs of
wear or loss of Integrity In both the trilals, The sallvary fluoride release
rate was found to average 0.3 ppm over the 34 day trial. Some effect on
both the quantity and proportion of microorganisms was noted in those
subjects who had a SnFy-polycarboxyiate restorations In piace. While there
was an Increase of recovery of total colony forming units from sallvary In

the placebo group during the experimental perliod, probably due to

v suspension of oral hyglene In thils perliod, a decrease in total bacterla was
- noted In the SnF, group. This decrease in sallvary microorganisms may be
selective since 5. sanguls recoverlies showed no difference between groups
while 2. mutans recoverles appeared less in those subjects having the Snfjp
restoration. The eftect of the Snk, delivery system agalnst plaque and

gingivitlis was not impressive.
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STUDY 1: DETERMINANTS OF THE ANTIBACTERIAL EFFECTS OF SNF,

AGAINST S. MUTANS: IONS, pH VALENCE

Introduction

Fluoride compounds have been used toplcally in the oral cavity for
many years wlth the Intention of affecting tooth enamel to alter [ts [

resistance to dental caries. Fluoride may also affect the bacteria in the

mouth. Blbby and van Kesteren (1942) found that 1 ppm F~ as NaF reduces
bacterial acid production. While there are some antibacterlal properties
of NaF, SnfF, has been shown to have significantly more affect agalnst oral
microorganisms ]ln ylvo and In vitro. Recently SnFp has been shown to
selectively reduce S. mutans, the bacterium assoclated with dental carles.

The difference between Naf and SnFj In affecting oral bacteria have
been suggested to be due to: 1.the divalent cation ,Sn, competing wlth
calcium to alter bactertal adhesion/cohesion; 2. tin oxidizing the thiol
groups of bacterlal enzymes; 3. the large uptake of tin disrupting
bacterial metabolism; or 4. the naturally low pH of SnFp which would allow

HF formatlion and thus be more antibacterial.

The purpose of this report was to compare SnfF, to other compound

'

, having simillar lons, pH, valence, or atomlic welghts to determlne what
N -
: characterlistic of Snfs Is necessary to produce the apparent antibacterial 3
- atfect against S, mutans. o
] "
"
.
»
1 -
| R
3

i T S TP, DN S ) -t - - . h “ N
-~ - LW I i et e _ . - - e R L RS




.
3
r
“
E
[
J
;
4
]
3
3
|
4
3
1
o
]

|
L:
|
k
:
g
E
|
]
,'
\

LAA--k,‘ P T SR L P TR GU TR PEE P PO T VU UV I S

A el Ak ANt ol it

Materials & Methods

Mlcroorganism and Medjium
A streptomyclin-resistant mutant of Streptococcus mutans NCTC 10449,

known to adhere to smooth surfaces In yltro, and to produce dental caries
in rats was used in this study. Stock cultures were maintalined by monthly
transfer in fluid thioglycollate medium (Difco) supplemented with 20§ v/v
meat extract and excess CaCo3. For experiments, cultures were adapted and

grown In the complex medlum of Jordan et al. (1960), supplemented with 50

m3 ot Na,COz/1 and contalning 5% sucrose (pH 7.5).

txperimentai Uesign

Stainiess steel wires (0.5 mm diameter), suspended iIn culture tubes by
rutter <t ;.. .4, were useu as a substratum for the bacterial plaques. For
piaque row*r iU m| of the complex medium was Inoculated with 0.1 m! of
tre aCapted 4, MUldls cultures and the wires were inlitially colonized by
inocuiarting trem in the medium for 12 hr. at 37°  |ntermittent exposure to
*re various test agents (Table 1), starting after |2 hr. growth, involved
removing each wire from the medlium, placing them into the appropriate test
solution for | min.,, reducing carryover of test solution with a | min. non-
agitared rinse In 10m] H,0 (pH 6.0), and then placing the wire into 10 ml
«t fresh growth medium. This exposure of the adherent plaques to the test
sclutions was repeated £ more times at |2 hr. Intervals.

Ali experiments were terminated atter 48 hrs., |2 hrs. after the last
exposure to the test agents. The thickness of the adherent plaques was

visually scored by comparlng the growth to standards. Except for those

samples processed for electron microscopy, the plagues from each wire were

rO
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collected Into pre-welghed tubes, pelleted by centrifugation, dried for 3
days at 70°, and welghed. The pH of the growth medlum representing 12 hr.
growth was also determined at the end of the experiments.

An exception to the above procedure took place In one trial the purpose
of which was to test the effect of agents on "pre-formed" plaque. In this
exper iment, the only difference was that plaque was allowed to form on the
wlires for 48 hours before they were exposed to the test agents. |In this

case, the experiment was termlnated on the 4th day.

Atomlc Absorptlon Spectrophotometry

Dried samples were further processed to determlne thelr metal content.
Tin quantity was determined by an atomic absorption using a
spectrophotometer (Perkin-Elmer, Model 403) equipped with a graphite
tfurnace (Model HGA-74). Lead was also determined with the ald of the
graphlite furnace. Zlinc and copper was quantified by the method of addition
using flame atomic absorption spectrophotometry. A deuterium lamp was used

in all cases to correct for non-atomic absorption signals.

Iransmission Electron Microscopy

Bacterial specimens deslignated for electron mlicroscopy were fixed on
thelir wires at the end of the experiment (48 hr) with 2.5% gluteraldehyde
in phosphate buffer (pH 7.4, 390 mOsm) and postfixed in % osmlium tetroxide
in veronal buffer (pH 7.3). The fixed bacterla were then removed from the

wires, washed in phosphate buffer, dehydrated in acetone and embedded In

epoxy medium. Thin sections were prepared with a LKB ultramicrotome using
a diamond knife. Silver-gold colecred sections were examined unstalned with
a lelss EMIO electron microscope at 80 kV.

Energy-dispersive x-ray analyses, to confirm the presence of speclflic
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In or on the bacteria, were performed In a JOEL JEM=-100 CX

metal deposlts

transmission electron microscope equipped with a hligh resolution electron
mlcroscope accessory (ASID) and a Kevex S (L1) x~ray detector connected to

a Micro-X Analytical X-ray Spectrophotometer, Mode! 7000.
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Results

An Inltial trial (Table 2), comparing the intermlttent exposure of four

fluoride containing solutions at their natural pH's showed that Snf, had
several effects on the growth of adherent S, mufans cultures compared to

the other fluoride solutions. Obvious differences In plaque scores, dry

v ol o
LT - . P
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piaque weights, and acid production were found on ali the wires exposed to
SnFo. No differential growth was noted in those plaques exposed to NaF,

ZﬂF2 or Snkys. The metal content of the dried plagues was also variable

PRy A

among the treatment groups. There was |ittie metal content in those

samples exposed to ZnF,, Those samples exposed to Snfy had tin present,

but not nearly as great as those plaques exposed to SnF,. In the SnF) o
samples, approximately 4% of the plaque dry welght could be attributed to
tin.

Another trial was performed in an attempt to discriminate whether the
pH, the fluorlde, or the tin content could account for the noted growth
inhibition ot the Snf, solution (Table 3). In this trial, even though Snf 5
at pH 2.5 had antibacterial effects, there was no growth alteration

aprarent due to fluoride, pH or due to tin, per se. The pH of the SnF2

sclution was critical. Since the SnFo solutlion adjusted to pH 7.0 had no

cettect,
Te furtrer uncerstand the effect that the pH of SnfF. .4 on the
L

Cheerves antiplaque properties, SnF? was prepared witt in a range cf ph's
fromowsf, and testec in o tre seme tacterial arowth gystem (Table 4).,  Snf . ]
carel tootave more Srowth o oinnibition at (ower ph's ) witr those plagues ;
-
LT e LTh e [ 4 beldng mest atfected, Heoigec the jow ptt ot St \
GGt Tome roducing the most arowtr intitition, plagues exposed te these :1

oLt sl the most metal centent per e plague (Tanie 4, Fioure 1),
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Two other metalic fluoride compounds were also compared to NaF to
examlne whether other compounds would have similar effects to Safp.
Nelther PbF, or CuF, at the 2 pH's examined showed any effect more than Naf
at comparable pH levels (Tabies 5 & 6).

The possibility was also explored that established bacterlal colonies
would atfect the antlbacterial properties of SnfF,. S mutans plaques were
altowed to preform on the wires for 2 days before belng exposed to San,
While there was some reduction in visual plaque score and acld production
in those samples exposed to Snf, no difference In plaque welght was noted
after the welght of tin was subtracted from the plaque dry welight (Table
7).

Electron micrographs of those bacterlal specimens exposed to Hzo, NaF,
SnCly, ZnCi, and ail appeared simitar with morphologlically normal gram-
positive coccl surrounded by extracellular material. However, the bacterla
exposed to SnFyp had trequent electron-dense granules, most often within the
bacterial cell, but occasionaliy on the outer cell wall. Energy~dispersive
x-ray microanalysis of this electron dense material revealed peaks
corresponding to the L X (3.67 KeV) and L ﬁ(3.44 KeV) peaks for +tin,
tesides the electron dense areas, the bacteria exposed to Snf, frequently
were also noted to have Intraceliular electron-lucent holes and distorted
all shapes (Figure 3), A unique feature of the specimens exposed to lead
fluorice was the presence of electron dense granules l(ocated onty on the
outer cel) wall (Figure 4). Electron mlicroprobe of thes~ granules

contirmed them *o be fead (L = 10.50, L = 12.62 KeV),

..
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Discussion

The results In these serles of experiments conflrm our ear!ier findings
that SnfF, has antibacterial propertles agalnst S mutans, and this effect
appears related to the uptake and retention of tIin by this organism.
However, the present studies show that compounds similar to SnF, In pH,
fons, or valence have little or no effect on S. mutans growth or
colonizatlon,

While others have reported that an acidic solution of NaF has some
antlbacterlial properties due to the cellular uptake of hydrogen fluoride,
our In yltro model using intermlittent exposures to test agents showed only
silght reduction of acld production and no growth inhibition in those
bacterla exposed to NaF at a low pH. The only apparent effect that pH
alteration had on the test solutions was that noted with SnFp. in all
growth parameters tested, there was an inverse relationshlp of the pH to
SnF, solutions and its effectiveness as an antlibacterial agent. Snf;
solutions near neutrality showed no antimicroblal properties. Hydrolysis of
Snf, solutions at elevated pH's probably results in the reduced
antibacterial propertles.

The degree of bacterial colcnization of the wires at the time of the
initial San exposure was also an important parameter In the effectliveness
of SnF,.  In our experiments, we allowed 12 hours for the wires to become
colonized by S, mutans before the tirst exposure to the test solutions.
Bacteria that had less time tc colonize the wire had essentially no growth
atter the exposure to Snf~. Convercely, heavy bacterial colonlzation of
the wires, as with preformed plaque, reduced the effectiviness of the

minute exposures to Snfo. Pretormed plaques would not visually grow, but

they still were metabolically active as shown by thelr abillity to reduce
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the pH of the growth medium. The decreased effectlveness of SnF, with
preformed plaques agrees wlith prevlious findings In ylitro and ln vivo.
Perhaps a thick bacterlal mass reduces dlffusion of this antibacterial
agent.

Unexpected In this study was the finding that only SnF, showed
antlibacterial properties against 3. mutans. Metal salts, especially those
with high atomic welights, are general ly regarded to have antibacterial
properties. SnCl,, however, has been previousiy noted to have lJi1ttle
antimlicroblial activity, This compound Is unstable In aqueous solutions
which probably reduces the available tin to the bacterla. The fluoride
salts of lead and zinc were tested because they, |ike San, are divalent
cations, with PbF, having a greater atomic weight and atomic dlameter than
SnFy, and ZnF, being llighter and smaller. Although plaques exposed to PbF,
in this study had quantative metal uptake, the electron micrographs showed
the lead to be located only on the outer cell wall. No alteration in
bacterial growth parameter due to PbF, was observed. Other reports have
also found that bacterlal cel! membranes can bind lead with no detectable
effect on growth. ZnF, also showed no effect on bacterlal growth, but in
contrast to PbF,, no zinc binding In or on the bacteria was noted. Other
Investigations have shown I1ttle inhlbition of bacterial growth by 2zinc
compounds.

Surprisingly, no effect on bacterial growth was noted for CuF2 or Snfyg.
CuF, has been reported to be effective in reducing bacteria acld production
in xlvg. In the present study, there was no measurable reduction in
bacterial acid production by CuFp, nor did CuF, alter any other bacterial
growth parameters. Snf,, although showing no effect on the growth of S

mutans, produced some quantative retention tin In the cells. The electron
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micrographs, however, showed that with SnFg, the electron dense deposits
were located only on the surtace of the cells.

The apparent unique antibacterial properties of SnF, thus appears to be
assiclated with the observed Intracellular retention of tin. The high
percentage of tin In the bacteria as measured by atomic absorption
spectrophotometry and the large numbers of Intracellular tin deposits found
in those bacteria exposed to SnFy suggests that S mutans celis In some way
transports this metal into the cell where it becomes firmiy bound. The
apparent condensation of the tin Into intracellular granules may be an
attempt by the bacteria to reduce the harmful effects of this foreign ion.
Metalic granules have also been found In eucaryotic celis exposed to metal
compounds.

The Intracellular tin accumulation, even though In granules, still
appear to disrupt S. mutans metabolism as demonstrated by the reduced
growth, acld production, and the electron microscoplc presence of holes In
many of the bacterial cells. The Intraceliuiar holes found In the SnFy
treated specimens may be a sign of unbalanced bacterlal growth.

The unique antibacterial properties of SnF, against this test organism
is still not fully understood. No single property of SnFo, which could be
isolated (i.e., pH, valence, catlons, or size of the molecule) was
ldentifled as an important parameter necessary for [ts effectiveness. San
In aqueous solution iIs highly reactive and the chemistry of the reactlons
are rot completely understood. It might be that thls reactivity or one of
the species formed in solution s the Important varlable which allows for
the uptake of tin Into the 4. mutans cel! and the consequent antimicrobial

properties.
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CONCLUS ION

Twice daily exposure of adherenct §. mutans to varlous fluoride salts
has shown that only Snf, significantly alters thals organisms growth and
metabol Ism. The antlbacterial affect of San was assoclated wlith an uptake

of tin Into the bacteria. Fluoride salts of sodlum, lead, zinc, and copper

had IIttle effect in this test system. The pH of the varlous fiuoride 1
salts generally had no effect on the test compound activity except for the ]
noted Inactivation of San at elevated pH's. l&

Since SnF, also did not eftect the growth or metabolism of 3. mutans,

a unique property of SnfF,, possibly it reactivity In an aqueous ;$

environment, may be responsible for |t antibacterlal propertles.
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STUDY 2: EFFECT OF NAF AND SNF, IN DRINKING WATER

ON HAMSTER DENTAL CARIES

——y = 7

! INTRODUCT ON

Besides the unquestionable dental caries reduction produced by fluorlde
lons, caries has also been shown to be Inhibited in man and experimental
animals by antiplaque agents. Several studies have demonstrated that, in
addition to Its well established physicochemical Interactions with enamel,
stannous fluorlde may also possess antiplaque properties. A recent study
has shown that the antimicrobial properties of SnF2 can be demonstrated ln
ylitro even as as low as at 10 ppm F~.

There has been only one study [n humans or experimental animals that
has compared the caries reduction of SnF, to NaF. In that study, fluoride
supplementation (I8 ppm F7) in water as SnF,> produced a 78% caries
reduction In rats, while NaF produced a 52% reduction. The present study
was performed to reexamine whether SnfF, produced greater carles reduction

than NaF. Furthermore, our study was to examlne whether the potential

antibacterial effects of SnF, was correlated to a possible greater carles

reduction of this compound in an experimental rodent carles study.
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METHODS AND MATERIALS

Animals, Dlet, lInfection

This study was conducted on 45 "conventional™ golden outbred Syrian
hamsters. To Insure that the effect of NaF and SnF, was essentlally
topical, the experiment was begun when the animals were approximately 38
days old. The Syrian hamsters third molars beglin eruption on day 30 and
occluslon is obtalned between the 40-45 day.

On day 1 of the experiment the hamsters were orally Inoculated with
0.2ml of a log culture of streptomycin reslistant Streptococcus mutans NCTC
10449 in fluld thloglycollate medium; and given the NIH 2000 carliogenic
diet and delonized water ad llbitum. On day 2, the hamsters were
relinoculated, and randomly distributed Into delonized Ho0, NaF, and Snf)
groups. Ffifteen hamsters (5 per cage) recelved 5 ppm fluoride as NaF
(0.0110 g/1, pH 6.5); another 15 received 5 ppm fluoride as SnFop (0.0207
g/!, pH 4.0); and the third group recelved water (pH 7.2). The fluoride
solutions were made and distributed into plastic feeding bottles each day.

The dlet and water contlinued to be supplled ad libitum until the
animals were sacritliced on day 64. The animals were weighed at the

beginning and at the end of the experimental perlod.

Recovery of Microorganisms

The left maxillary and mandibular molar teeth were used for
microbiologlic recovery of the streptomycin-resistant Infectant.

Consecutlively, the hamsters were overdosed with pentobarbital, decapltated,
and the cheeks and mandibular condyles were cut to enable better access to
the jaws. The molar crowns, along wlith some supporting bone, were excised

as aunit with a dental Rongeur and ptlaced into 3 m! of cold 0.05% yeast
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extract broth (pH 7.0). The organisms were dislodged from the teeth by
sonication (Bronson Mode! W185D, Plainville, NY) using a microtip for 40
sec at 50 watts and an output setting of 4.

Serial dllutions were performed using the micro-method of Westergren

and Krasse and plated on Mitis Sallvarius agar supplemented with 0.001%

potassium tellurite and 200 g/m! of streptomycin. After Incubation In
candle Jars for 48 hr at 359, the streptomycin-resistant S, mutans were

counted.

Carfes Scoring

To assess carles, the right mandible and maxillia were defleshed by

z,
PSR ST

dermestid beetles. The numbers and extent of the fissure and smooth
surface lesions were observed under a dlssecting microscope and scored by
the method of Konig, modified so that only enamel and dentinal carlous
leslions were differentiated. Enamel caries was defined as areas of the
smooth surface or fissures which had opaque or chalky white areas in the
enamel. Dentinal leslons were defined as obvious breaks in the enamel.
Proximal surfaces were observed by siightly separating the teeth rather
than sllicing the teeth mesial-distally which could completely remove the
tesions. The Jaws were numerically coded so that the experimental

histories were unknown to the scorer.

Statistical Analyses
Difterences among group caries scores, microbiological recoveries, and
animal welghts were tested by analysls of variance using the Scheffe

multiple comparlson procedure. All tests were performed at the 0.05 level

of signiflicance.

RESULTS
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All animals survived and appeared in good health at the end of the

experiment. The mean welghts and standard deviation per group in grams
were: 158 + 11, 148 + 14, and 142 + 9 for the H,0, NaF, and SnFy groups,
respectively. These welights were significantly different suggesting that
the fluoride compounds may have had an effect on the welght galns during
the experlmental period. 1In 5 animals, minimal mlcroblal recovery of 3
mutans from the molars (<104) resulted In elImination of these animals
further analysis.

Table 8 shows the microblal recoveries ot the 3, mutans at the end of
the exper Iment, The recovery of strain 10449 was variable between animals
and neither the actual mean nor the logarlthmic transformation of the
recovered numbers showed statlistical differences between groups.

Table 8 also summarizes the carles data scores and Figure 5 [|lustrates
the scores of enamel and dentinal caries found in the three groups of
animals studled. The carlies produced in the experiment were malnliy
small and uncoalesced enabling accurate scoring of the number of lesions.
The majority of the carious lesions were of the pit and fissure type with
only 11 smooth surface lesions being found. Ten of these smooth surface
lesions were found In those hamsters in the delonlized water group and one
smooth surface lesion In the SnfFp group. The reduction of enamel and
dentinal caries in both the Naf and Snf, groups was significantly different
trom the deionlized HZO group. The two fluoride groups, however, were not

<tatistically different In any caries parameters examined.

UISCUSSION
Certain characteristics of experlimental caries [n hamsters should be

reccgnizec when interpreting these results., Dental carles on the smooth
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surfaces of rodents, |ike man, |s dependent on the formation of adherent
plaque. However, rodent sulcal leslons are not assoclated with plaque
formation, and may be modified by the impaction of food and debrlis. Thus an
agent used to reduce caries rate by altering microblal growth or adherance,
as In the present study, would most |ikely have the greatest effect on the
number of smooth surface lesions where It could exert antlbacterial
activity.

An example of an antlplaque agent being more effective on smooth
surfaces caries Is chlorhexidine gluconate, which in a rodent study has
been shown to Inhiblt smooth surtace but not sulcal caries. In the present
study, essentlaily only those animals Iin the deionlzed water group had
smooth surface carles. Therefore, It was not possible to differentiate a
potentlialily greater caries reduction by Snfp, due to Its antibacterial
propertles, from the "fluoride oniy" effect of NaF on the smooth surfaces.

As expected, the present study also demonstrated that both Naf and
SnF, reduced sulcal carious leslons. Several studles have shown that
sulcal carles In hamsters and rats can be significantly reduced by the
contlnuous adminlstration of low levels of fiuoride in the drinking water ,
or higher concentrations applied toplcally. Our results did not find SnF
to have a statistically greater effect than NaF on sulcal lesions. Besides
the poor potential of antliplaque agents on rodent sulcal leslons, the
concentration of the SnfF, was possibly too low to have an antimicrobial
effect. Antiplaque properties of SnF, at mouthrinse concentrations (100~
1,000 ppm F7) are known to Improve as the concentration of Snf, increases.
Furtrermore, very diiote solutlens of SnFp, as In the present experiment,
may quickly lcse soluble stannous ions. Low concentrations of chlorhexidlne

rave also been found to be ineffective Inreducing caries inrats. A low
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concentration of SnFp (0.002%) was examlned In the present because hlgher

concentrations of fluoride tons (10 ppm F~ as NafF) have been shown to
almost entirely elimlinate rat carles which would further hinder the
possiblility of observing differences between Snf, and Naf,

Another characteristic of experimental rodent caries Is the large

variabllity assoclated with microbial recovery of the infectant. Our

technique of exclising the crowns In totg and recording the absolute
bacterlal recoverles rather than relative recoveries, was thought to
’l potential ly decrease experimental variance. Yet as with other studles, our ii
) &

data shows large differences In microbial recoveries even among animals In

ke

p the same group. Possibly the variance Is the result of true differences in

b infection among the animals rather than experimental error. qj
1

CONCLUS ION

Stannous fluoride was compared to NaF (5 ppm F7) In the drinking water
of hamsters to test whether SnF, had greater carles inhibitory effects due

to Its potential antibacterial effects. Carles was produced in the

hamsters by orally Inoculating them with streptomycin-resistant 5. mutans,
{ and feeding them NIH dlet 2000. After sacrliflce on day 64, the hamster's
left molars were used for microbial recovery and the right molars were used
r to assess carles.

The number of enamel and dentlinal carious leslons In both the NaF and

SnF, group was significantly different from the deionlzed water group;

M S

rhcwever, there was no dlfference In carles scores between the NaF and SnF2
group. The recovery of S, mutans was highly varlable between anlmals and

showed no statistical difference between groups.

The present study demonstrated that both NaF and SnfF, reduced sulcal

and smooth surface lesions in the hamster, but the potential difference
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between the fluoride compounds was not evident., It Is possible that
ditterences between NaF and SnF, cannot be shown In a rodent carles model
due to: (I) the varlabllity of Infection and caries attack among animals;
(2) the strong effect of fluoride lon on the caries rates; and (3) the
necessary low concentration of the agents tested which may mitigate

potential antiplaque effects.
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STUDY 3: MICROB{OLOG!C EFFECTS OF SNF5 AND NAF MOUTHRINSES IN SUBJECTS

WITH HIGH CARIES ACTIVITY: RESULTS AFTER ONE YEAR

Introduction

The major etforts In the prevention of dental carles have been
directed to treatment strategles tnat affect tooth enamel or to the
development of agents that alter the carliogenic microflora. Fluorides, In
various concentrations and regimens, have been the most successful agent to
date In preventing this disease. Although the fluoride effect has
traditionally been considered to be the result of Its physicochemical
interaction with enamel, there Is evidence that fluoride also alters

bacterial metabolism at low concentrations, and Is bactericida! at higher

concentrations. Chemical agents that solely affect bacteria (antibiotics
and antiseptics) have also been shown to alter caries activity. Patients
on prophylactic penicillin treatment for medical reasons have been noted to
. have reduced caries activity. Chlorhexidine, a potent antlseptic, has also

been shown to reduce caries In children. Attempts to Iimprove caries

4 reduction by combining fluoride with antimicrobials have been only
partially successful. Chlorhexidine diacetate (1%) comblined with NaF
(0.15%) has been shown to have an addltive effect In reducing rat fissure
carles, but the combination was not superior to each alone with regard to
smooth surtface caries.

It has recently become evident that a specific fluoride compound,
stannous fluoride (San),has an antimicrobial effect at concentrations

compatible with dally fluorice use. Short term clinical studies with San
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have suggested possible important antimicroblal propertles. There Is
presently no evidence to suggest that these antimicrobial properties would
aftect Streptococcus mutans and lactobacliili--bacteria correlated to the
initiation and to the progression of dental caries In humans.

The alm of the present study was to compare the effects of
mouthrinsing with NaF and SnfF, on the number of total aerobic sallvary
bacteria, S. mutans and lactobacilll numbers in a group of subjects

screened for potentiatl high caries activity,

MATERIALS AND METHODS

Subjects

The subjects in this study were adults over the age of |8 having
Inciplent carious leslons, high numbers of unrestored carious lesions, and
elevated numbers of sallvary S, mutans. The 58 subjects were identifled by
thelir carles prevalence In the screenling clinic at the Unlversity of
Connecticut School of Dental Medicine. A follow-up microbia! screening
showed that 38 subjects had greater than 2.0 x 10° S. mutans per ml sallva.
These subjects were regarded as potentially high in caries activity. The 37
sub jects who consented to the stucy were ranked by their recoverable number
of salivary 9. mutans and then alternately assigned tc a SnF2 or an
acidulated NaF mouthrirse group. DOuring the first year, |5 patients
withdrew from the study. O0f the remalning 22 patients, 9 were considered
partially compllant with the mouthrinsing procedures. Partially compllant
sub jects were those who, bty their own report, missed more than 4
routhrinces ger month or wno were inconsistent with mouthrinsing. We

verified these reports by monitoring each patient's remaining supply of

ST e e . S T L N T S Alana aia’ M LA P UL L ¥ AP PP V. W

ndd b d LL-;!ALA__J .

=
j
:
|
!?1




mouthrinse and by questioning the patients monthly for recall of their

fluoride usage.

Ireatment

After basellne data were obtalned, subjects were Instructed to use [0
m! of their respective mouthrinses twice dally for | minute per rinse. The
Snf, rinse was diluted with water (I part rinse; 4 parts H,0) Immediately
before use to produce a final fluoride concentration ot 200 ppm F~ and a pH
of 3.4. The aclidulated NaF mouthrinse was used full strength at a fluoride
concentration of 200 ppm F~ and a pH of 4.0. One month after the
initiation of mouthrinsing, each subject received 3 dental hygiene
appointments at one week intervals. The oral hyglene Instruction,
cleaning, scaling and root planing were performed by one dental hygienist,
blind to the subjects' treatment categorlies. The subjects were also
assigned to a dental resident for restoration of teeth with active carious
lesions. They were contacted monthly to reinforce oral hygiene, to monitor
thelr fluoride usage and to resupply them with mouthrinse.
Microbiology

Stimulated saliva, produced by chewing on a piece of paraffin wax, was
collected from each subject at the screening, at the basellne examinatlion,
and after |, 3, 6 and 12 months. Fach salliva sample was sonicated for
min.,, vortexed for 30 sec., and serially diluted from IO'1 to |O'6,|n 0.05
M phcsphate buffer (pH 7.0). From each dilution, 25 jJI was spotted In
duplicate on one-third of the surface of an agar plate. The dilutions
having 20-1C0 colony forming units were counted with the ald of 20X
magnification.  The mean of the 2 samples from these Jijuticns was uwscd In
the anralvoic,

For cultiva*ion of all aerobic bacteria, (Total CFU) cilutions were

spotted or 1CT sheep tlood agar plates, incubatecd for J4 hours In a COp-
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enriched environment (candle jar) at 35°C and counted. For determination of
the number of S. mutans, a selective medium conslsting of Mitis-Sallvarius
agar containing 0.2 unlts/mi Bacitracin was used. After spotting, the agar
plates were Incubated for 48 hours In a candle jJar. Those colonles with
morphologlc characteristics of S. mutans were counted and their identities
confirmed when necessary with blochemical tests. Lactobacill] were
cultivated with the aid of Rogosa SL agar plates. The spots were allowed
to dry and then a further portion of the agar was poured over the surface.
Lactobaclllus counts were determined after 48 hours Incubation.

| Statistical Methods

The difference in Total CFU, S. mutans, and lactobacllii between the

two groups were analyzed by two way analysis of variance for repeated

measures. Pairwise contrasts at each time interval were computed by the
method of Schaffe. Due to unequal varlances, logs of the microbial counts
were used for thls analysls. Differences In colony forming units between
baseline and | year for each subject were analyzed by unpalred t-test.
Subjects were also ranked according to levels of 3. mutans and the
difference between these ranked groups was analyzed non-parametrically by

the Wllcoxon two-sample ranks test for unpalred measurements.

Results
Of the 38 subjects who started In the study, 22 remalined after |
year. Of these, only 13 were identified as being compietely compliant with
the instruction to rinse twice dally over the study vyear.
Analysis of Total CFU data showed no difference in this parameter
between the NaF and Snf, groups (Table 9). Both groups, however, showed a

signiticant two-fold reduction over baselline values in Total CFU after |
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year (Tables 9 & 13).

The alternate assignment of subjects by Initial sallvary 8. mutans
levels Into the acldulated Naf or SnF, groups produced two closely matched
populations with regard to their mean numbers of S. mutans and to thelr
ranking relative to thelr S, mutans levels (Tables 10 & 11). This match was
maintained even though 40% of the subjects dropped out of the study. The
mean recoverable sallvary S, mutans levels comprised I1.6% of the total
recoverable flora Iin this populatlion at baseline.

After | month the number of S. mutans was significantiy reduced from
baseline In the group rinsing with SnF,, especlially In those subjects
identified as completely compllant. At 3 months, the reduction of S.
mutans in these subjects showed maximum effect. Three subjects compliant
with SnFp, mouthrinsing had no detectable 5. mutans at this examination. Af
6 months, there was a moderate rlse in 9. mutans levels, which in the

compllant subjects, leveled between from 6 months to | year. The subjects

considered partially complfiant with the SnF, rinsing regimen showed less

i dramatic reductions In S, mutans counts until the | year examinations. At

ii this point, a large drop In recoverable S, mutans was evident (Table 10).

A significant difference in sallivary S, mutans levels between the SnFj
E and acidulated NaF subjects was evident at the | year exam for all degrees
H. of compliance. The entire SnF, group at | year had dramatically lower 3.

mutans counts from baseline levels, however, no change from baseline was

detected In the NaF group (Tables 10 & 13), Of the {2 subjects In the SnfF;

group whose recoverable 5. mutans levels were greater than 2.0 x 109/ m1
saliva at baseline, 10 subjects were noted to have less than 200,000 S,
mutans/ml saliva at | year. The acldulated Naf group, showed no alteration
in 9. mutans from their baseline levels (Table 11).

The lactobacilli recoverlies showed no significant differences between
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groups or longltudlinally within the treatment categorles. The variation In
number of recovered lactobacllil was very large, even In the same subject
at dlfferent sampling times. This lack of conslstent recovery of
lactobacilll is reflected by the standard deviations which were

consistently hlgher than means at all sampling intervals (Table 12).

Dliccussion

Certaln study design |imitations should be recognized when examining
the results and evaluating the appropriateness of the statistical tests.
The 22 subjects remalning after | year do not represent a normally
distributed population so these results should not be compared to the
population in general. The population Is skewed since only those subjects
that had high caries prevalence and elevated sallvary 3. mutans counts were
selected as potentlal subjects, and only approximately half of the subjects
who began the study were examined at 1 year. Instead of random assignment
Into the two treatment groups, subjects were ranked according to S mutans
levels and then alternately assigned to rinse wlth acidulated NaF or SnF,,
This was done because S. mutans levels, the most important varlable, vary
greatly among individuals and It was deslrable to have thls varliable
balanced at baseline due to the relatlively few subjects. Furthermore,
since the study has no real control group, the small but significant
longltudlinal change in Total CFU In both the treatment groups cannot be
attrituted with certainty to a treatment effect.

Tre change in S, mutans counts are striking even conslgering the design
Iimitaticns,  SnFo appears to have a potent long term effect on salivary Se
mutans levels. Wnlle the effect is most evident In the patlents ldentified

as completely compilant with rinsing twice a day , It was also found In
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those subjects who were partially compllant with mouthrinse usage. This

dramatic reduction In S. mutans may possibly explain why after 1 year the
subjects rinsing with SnF, had half the carles Increment as those rinsing

with aclidulated NaF.

dn vltro studies determining minimum Inhibitory and lethal
concentrations of varlous fluorides have clearly shown that S, mutans is
more susceptible to SnF, than other fluoride compounds. The large tin
accumulation In bacteria exposed to SnfFo may contribute to the greater
antimicrobial actlvity of SnF,.

The apparent selective supression of S. mutans (reduction of S. mutans
relative to Total CFU) by Snf, Is also of Interest, since 5. mutans Is now
consldered the important microorganism for the inltlation of dental carles.
Other human and animal studies using NaF, Instead of SnFy, have also shown
selective reductions In S. mutans. Such selectivity of a non-antiblotic
against a specific pathogen Is not easlly understood. One In yitro study
using mirnimlum bactericldal concentrations found that 3. sangulis and S.
mutans had similar sensitivities to fluoride compoundszs. Furthermore,
other effective antiplaque agents have shown only non-specific
antimicroblal properties against oral flora. The substantial supression of
2. mutans by SnF, found In this study and the reported selectivity of
fluorides in general against S. mutans needs further study. |f Snf, does
have a speciflc etfect against 3. mutans, then SnfF, would have major
advantages over other agents In the treatment of subjects having high
caries activlty assoclated with elevated S. mutans levels. The microbial
selectivity and the well documented physicochemical effect of SnFp on tooth
enamel would probably make this compound superior to sodium fluoride or
antiseptic treatment.

The group rinsing with acldulated NaF showed I I1ttle change In oral
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flora using the methods and the parameters of this study. Thls finding Is
In agreement wlth others. While elevated concentrations of fluoride are
bactericidal mouthrinse fevels of NaF appear to have |ittie effect on
sallvary flora.

The lack of effect of both fluoride agents and dental treatment on
lactobacilil was not surprising. Nelther chlorhexidine nor fluoride has

shown potential In supressing thls microorganism. Also In the present

study, the great variablllty of lactobacllll counts even In the same
Individual, limited the meaningfulness of thls parameter. Even though
salivary lactobaclli!l recoveries are known to correlate with carles, this
organism Is no longer considered as Important as S. mutans for the

Inittation of denta! carles.

Conclusion
Twenty-two subjects, who were regarded as potentlally carles actlve,
rinsed twice a day with either acidulated NaF or SnF2 mouthrinses, adjusted
tc 200 ppm F~. At baseline, and after 1, 3, 6, and 12 months each

subject's saliva was analyzed for Total CFU, S. mutans, and lactobacllll.

There was a small (2 times) but significant reduction in Total CFU per
ml sallva in both groups after a year. No dlfferences were found In
lactobacilll counts between the 2 mouthrinse groups or longitudinally
within the groups. Of Importance was the apparent selective reduction in
S, mutans found in those subjects rinsing with Snfy. While there was
essentially no change In S, mutans in the NaF group, all subjects In the
SnfF, group had large reductions. At the end of 1 year the SnfF) group had

less (26 times) fewer S, mutans compared to baselline. The reduction In S
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mutans levels correlates to the reported |ower caries scores in the

subjects rinsing with SnF,,

The selective antimicrobial actions of SnF, against S. mutans and the
establ Ished physicochemical actlon of SnFp wlith tooth ename! may make thls
agent superlor to other fluoride agents in the treatment of subjects having

high carles actlivity associated with elevated S. mutans levels.
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STUDY 4: EFFECT OF SNF, AND ACIDULATED NAF MOUTHRINSE ON CARIES INCIDENCE

IN ADULTS WITH HIGH NUMBERS OF S, MUTANS AND HIGH CARIES PREVALENCE

INTRODUCT ION

It Is well documented that topically applied fluorldes decrease carles
actlvity, but there has been no strong evidence demonstrating the relatlive
ef fectiveness of fluorlide compounds. Currently, fluoride Is belleved to be
effective, In part, due to Its abllity to stimulate remineralization. Other
physicochemical and antibacterial mechanisms may have Important anticaries
actlion as well. The principal fluoride solution used today, NaF, decreases
plaque formation when applied at high concentrations, but not at mouthrinse
levels. Stannous fluoride (SnFp), however, has been shown to have
antibacterlal propertles at mouthrinse concentratlions In vitro and in ylvo.

Chlildren with a high carles lIncldence harbor |arge numbers of
Streptococcus mutans per m! sallva. When the number of 3. mutans Is
decreased, the caries Incidence Is reduced. Even though It has been
suggested that topically applied NaF should be more effective in high risk
chlldren, at least one study has shown that NaF has |ittle effect on
subjects with high caries actlvity Indicating that factors such as
microorganisms and diet cannot be nullified by NaF. SnF, mouthrinse with
its potential antimicrobial activity, however, has not been tested
specitlically on high risk subjects. Furthermore, while it has been shown
that children with high DMFS sceres and high numbers of S, mutans are at
risk tor caries, such studies in adults are largely lacking,

The aims of this study were: 1. to compare the effectiveness of 5nf,

and aclidulated NaF in adults with high numbers of S, mutans and hlgh caries
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prevalence and 2. to determine if the number of S, mutans and the carles

prevalence can be used to predict the Incldence of carles In adults.

MATERIALS AND METHODS

Subjects

The subjects In this study were adults over the age of 18 Ilving In a
fluoridated area. They had inciplent carlous lesions, high numbers of
unrestored carious leslons and elevated numbers of S. mutans in thelir
saliva Indlcating high caries activity. Of the 58 subjects first Identified
by thelr caries prevalence In the screening clinlic at the Universlty of
Connecticut School of Dental Medicine, subsequent microbial screening
showed that 38 subjects had greater than 2 X 109 S, mutans per ml salliva.
These subjects were regarded as potentlally highly carles active . The 37
subjects who consented to the study were ranked by their number of S.
mutans and then alternately assigned to a SnFp or an acidulated NaFf
mouthrinse group. Durlng the flrst year 15 patients withdrew from the
study. Of the remalning 22 patients, 9 were considered partlially compliant
with the mouthrinsing procedures. Partlally compliant subjects were those
who, by their report, missed more than 4 mouthrinses per month, or who were
fnconsistent with mouthrinsing. We veriflied these reports by monthly
monitoring of each patlent's remalning supply of mouthrinse and by
questioning the patients for monthly recall of thelr fluoride usage.
Ireatment

After baceline data were obtained, subjects were instructed to use 10

m! of their respective mouthrinses twice dally for | minute per rinse. The

»

SnFs rinse (IradicavR, Johnson & Johnson Co., East Windsor, NJ) was dlluted
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with water (1:4) Immedliately before use to produce a final fluoride
concentration of Z00 ppm F™ and a pH of 3.4. The acidulated NaF mouthrlinse
(Phos-Flur Oral RinseR, Hoyt Laboratories, Needham, MA) was used full
strength at a fluoride concentration of 200 ppm F~ and a pH of 4.0. One
month after the initiation of mouthrinsing, each subject recelved 3 dental
hygiene appointments at one week Iintervals. The oral hyglene Jnstruction,
cleaning, scallng and root planing were performed by one dental hygienist,
blind to the subjects' treatment categories. The subjects were also
assigned to a dental resldent for restoration of teeth wlth active carious
lesions. They were contacted monthly to reinforce oral hyglene, to monitor

their fluoride usage and to resupply them with mouthrinse.

Clinical Examinations

Caries recording was performed with the ald of a front surface dental
mirror, explorer and posterior blte-wing radlographs. Prior to examlnation
the teeth were cleaned and dried. All decavyed, filled and missing surfaces
in the permanent dentition were recorded excluding third molars. Incipient
smooth surtace lesions, not included In the DMFS score, were described by
their size. All recordings were performed by the same dentist. The
diagnostic error was calculated by duplicate recording performed on 8
subjects, 5 to 14 days after baseline examination. The reproducibility
scere, i.e. the number of surtaces diagnosed as carious or sound at both
examinations, was 93%f. At the end of the year the subjects were re-

examined for new lesions.

Micrebicliogy
Ltimuieted saliva from each subject, procduced by chewing on a piece of
parattin wax, was collected at the screering and baseline examinations,

bach <aliva semple was immecdiately vortexed, diluted in 0.05M phosphate
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buffer (pH 7.0) and plated on Mitis-Sallvarius agar containing 0.2 units/ml
Bacitracin (MSB) by the micromethod of Westergren and Krasse. The agar

plates were incubated for 48 hours In a COp-enchriched environment (candle

jar). The mean count of the two samples was consldered the patient's number

9

1

=

]

of S. mutans/ml sallva. Subsequent sallva samples were taken at 1, 3, 6, ;J
and 12 months. ;!
9

L

Statistical Methods

The differences In carlies Incldence between the two groups were
analyzed non-parametricaliy by the Wilcoxon two-sample ranks test for ki

unpaired measurements. All tests were performed at the 0.05 |level of

sligniticance.

RESULTS

The subjects, who were alternately assigned to either the aciduilated
NaF or Snf, groups by their levels of Inital & mutans/ml saliva, had other
basel ine characteristics that were well distributed. The subjects in the
acldulated NaF group presented with means of 7.5 white spot lesions, 15
unrestored carious lesions and a total mean DMF(S) of 63.2. The group
asssigned to rinse with SnF, had means of 7.8 white spot lesions, 12.7
unrestcred carious leslons and a total mean DMF(S) of 76.4 (Tables 14 & 15).
Note that partially-compliant and compliliant subjects were consicered one
grecup in the statistical analyses.

Tne pepulation of subjects was generally unreliable. Of the 38

“Lr_ectc who started the study, 22 were in the study after 1 year and, of

TRy Y were dicentitied as being completely compliant with the

cer o tTomo *rG rirse twice every day over the study year,
r ', tre year, all subjects who rinsed with acidulated Naf
GevElope s tew carious lesions. The mean numbers of new lesions were 4,3
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and 4.5, respectively for the compllant and partlally-compliant acidulated
NaF rinsing groups. Of the 44 new lesions after 1 year tn this group, 10
(23%) were recurrent lesions (Table 15). The caries activity after 1 year In
the 3nF, group was significantly lower. The mean numbers of new fesions
for the SnF, group were 2.3 and 2.8 respectively for the compliant and
partially-compllant groups. Two subjects who rinsed reguiarly with SnF,
developed no new lesions, while 1 subject in both the compliant and
partially-compilant group developed 5 new leslons. Recurrent decay

contributed 28% of the total new lesions In this group (Table 15).

DISCUSSION

Carles prevalence was used as the primary criterion to select adults
with high caries risk, since 1t has been demonstrated that carles Incidence
correlates to carles prevalence. In this study, however, the numbers of
unrestored and Inciplent carious leslons were considered more Important In
Ildentifying high risk patlents because Klock and Krasse have shown that
these parameters are better correlated to carles incidence than missing and
tilled surfaces. Based on the clinical data, potential subjects were
screened for high numbers of sallvary S. mutans since, at least In
children, high carlies prevalence In comblination with high numbers of S.
mutans correlates better to caries activity than carles prevalence alone.
According to the |imits set by Zickert et al., subjects with more than

200,000 S. mutans /ml saliva were considered at hligh risk and accepted for

the study.
Because all subjects received fluorice, it is not possible to show the
true caries incidence for this type of population. [t is reasonable to

assume that our selection process for high risk patients was valid since
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both the incldence and the caries prevatence in the two test groups In this
study were considerably higher than Lu et al, reported for aduits In a
nonfluoridated area of the U.S. (DMFS=38; DMFS=0.69/year). It should be
noted, however, that Axelsson and Lindhe reported caries prevalence and
carles Incldence In a Swedish population similar to those In the present
study.

The results showed that rinsing with Snf, was more effective than
acidulated NaF in highly caries active patients. A possible expfanation
tfor this might be the better antimicrobial effect of Snf,, demonstrated by
the lowered S. mutans l!evels In the SnFp group. This Is in agreement with a
study by Zickert et al. who showed that another antibacterial agent,
Chlorhexldine gluconate, reduced both 5. mutans and caries incidence in
children with high caries activity. Thus, highly caries active patients
screened by means of elevated S. mutans may be effectively treated by
agents directed against the pathological microorganisms. [t should be
noted that even though the SnfF, rinsing reduced the carles incldence more
than acldulated NaF, the remalning caries activity was still high. Similar
finding have been reported by Seppa et al.

Aside from the number of S. mutans, high caries activity can be the
result of low enamel resistance, high sucrose intake and/or low salivary
tlow. WIith factors other than elevated pathogenic microorganisms, SnFo may
not be better than other fluoride compounds at reducing caries activity.
The eftect of these other factors may explain why highly caries active
patients qiven the same treatments may be affected differently.

we cannot tell it the acidulated NaF treatment and/or oral hygiene
appointments hac any effect on caries incidence in this population cue tc

the lack ¢f a control populfation. Both a positive effect and a poor effect
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tor NaF treatment have been reported In highly carles active children. It
Is obvlous, though, that a finding of 4.4 new leslons after 1 year In the
acldulated NaF group is extremely high, and consequently the dally
aclidulated NaF regimen appears to have had oniy a lIimited effect.

A surprising tinding In thls study was that those patlents who were
ldentifled as strictly adhering to the regimen (rinsing twice a day) did
not seem to develop fewer lesions than those who were known to use the
mouthrinse less frequently. This finding Is In contrast to other studies
showing that frequent fluoride exposures are Iinversely related to
development of new lesions. Possibly elther our criterion for strict
compilance (missing less than 4 rinsings out of 60 per month), or a more
than optimium fiuoride regimen, could contribute to the lack of difference
between the compilant and partially compliant subjects.

The drop-out figure (45%) was very high. No study similar to this
one has been reported and perhaps rinsing twice a day Is excesslve
behavioral change for patients who have high caries experience.

in concluslion, thls study found that highly carles active patients
could be identified by means of carles prevalence and sallivary 3. mutans
leveis. All patients continued to be caries active after one year desplite
the use of two dally fluoride mouthrinses; however, the subjects rinsing
with Snf, developed approximately half the number of new carlous leslions to

those subjects rinsing with acidulated NafF,

14
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STUDY 5: EFFECT OF SNF, AND ACIDULATED NAF MOUTHRINSES

ON PLAQUE AND GINGIVITIS IN ADULTS WITH HIGH CARIES PREVALENCE

INTRODUCT ION

Efforts to prevent or treat periodontal diseases are almed at the
control of plaque, elther through mechanical or chemical means. Based on
numerous short and long term studles, the antiseptic chlorhexidine Is now
the most used adjunct In treating these dlseases. Short term studles also
have demonstrated SnF2 +to be effective In plaque reduction when used as a
mouthrinse twice dally. Only one study has examlined the use of SnF2 on a
long term basis. In this study, school chlidren rinsing once a day for 4
months with SnF2 had lower plaque scores than those rinsing with NaF, but
no difference was found In gingivitls scores between the two groups.

As part cof a comprehensive study on adults with rampant caries
adjunctively rinsing with elther SnF2 or NaF, we examlned their plaque and
gingivitis levels longitudinally. Thils report discribes the differences
between the two groups in the periodontally related parameters after |

year.
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MATERIAL AND METHODS

The subjects for this study were selected by thelr high carles
prevalence, and by their high numbers of sallvary S. mutans. Of the Initial
37 subjects, 22 remalned In the study after 1 year. The subjects were
further catagorized as compliant or partially compliant. Partial
compl lance was defined as those who, by their own report, missed more than
4 mouthrinses per month, or who were lInconsistant with thair mouthrinsing.
These reportrs were veriflied by monitoring the patients remainig supply of
mouthrinse and by monthly questioning of the patlents regarding thelr
fluoride usage.

Following baseline examination, subjects were instructed to use 10 ml
of thelr mouthrince twice dally for one minute per rinse. The SnF2 rinse
(lradicav, Johnson and Johnson Co., East Windsor, N.J.) was diluted with
water (1 part SnF2: 4 parts water) Iimmedliately before use to produced a
final fluoride concentration of 200 ppm and a pH of 3.4, The acidulated
NaF mouthrinse (Phos-Flur Oral Rinse, Hoyt Laboratories, Needham, Mass.)
was used at full strength at a concentration of 200 ppm fluoride and a pH
of 4.0. One month after the Initiation of mouthrinsing, each subject had 3
dental hyglence vislts at one week intervals. Oral hyglence Instructlion,
prophylaxlis, and scalling and root planning were performed by one dentral
hygenist, blind to the patients treatment catagory. The subjects also
received complete restorative treatment by dental residents, [n order to
reinforce oral hygience, monitor fluoride usage and resupply the subjects
with fluoride mouthrinse, they were contacted monthiy.

The baseline and !, 3, 6, and 1 year subsequent examlnations included
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gingival Index and piaque Index which were recorded by one examlner, blind
as to the subjects groupings. The G! and Pil data was reduced to frequency
of scores and means for each subject. The frequency scores were then
converted to "¥ of sites with plaque" (le. PI1 score of 1,2,0r3), and to "%
of sites with bleeding"” (ie. G| score of 2 or 3). Individual percentages
were then averaged for each group. The scores for each subject were also

converted to mean G| and PI1 and then analyzed as parametric data uslng

SR ANSADEMED . LRIy ™ S ufit "3
]

analysls of varlance for repeated measures. This test enabled longltudinal

as well as cross sectional evaluation of each group.
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RESULTS

The subjects In this investigation represented essentially a poorly

compliant population. Sixteen subjects dropped out In the first year; and

of the remalning 22, only 13 were consldered compliant In thelr use of the

mouthrinse.

After one year, both the SnF2 and the NaF "Total"™ (compllant and non-
compliant subjects) groups demonstrated a signiflcant decrease In plaque Iﬁ
(mean differences of 66% and 62%, respectively. However, no significant
difference was found In plaque scores betweeen the SnF2 and NaF groups
(Table 16),

Gingival Inflammation was signiflicantly reduced Iin the Total SnF2

group, both longitudially from baseline (23%), and cross sectlionally

compared to the Total NaF group (17%). Statistical differences in the Gl
reduction between groups Is seen In the Total and Compliant groupings, but

not In the Non-compliant subjects when analyzed separately (Table 17).

A further analysis was performed to correlate Individuals mean plaque

score to thelr mean ginglval score. Plaque scores were positively

correlated to gingival scores in those subjects rinsing with NaF (r =.83);
however, in the SnF2 group the subjects plaque scores had a significant

inverse relationship to the ginglval scores (r = -.57).
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DISCUSSION

The reduction In plaque scores from baseline to 1 year in both the

SnF2 and NaF rinsing groups was expected sine all subjects had thorough

instructlion and reinforcement In oral hyglene. This significant
b Improvement In the subjects oral hyglene and the eventual low plaque scores
probably hinders the possiblility of observing differences In plaque scores
E between groups. Furthermore, several studies have described a Increased in y‘_‘
non-bacterial pellicle on tooth surfaces of subjects rinsing with SnF2.

Since pellicle is not readily distlinguishable from plaque with clinical )
Indices, thils tooth deposit would also confound plaque scores. Evidence ‘a

that subjects In the SnF2 group had non-bacterial deposits on their teeth

e ae - Lasamand

Is suggested by the negative correlation between the plaque scores and the
gingival scores In the SnF2 group. ‘ﬂ

This study did find that SnF2 was an adjunct in decreasing ginglval

777'7!"'

Inflamation. The lower frequency of bleeding sites and tne corresponding
lower mean G| scores in the SnF2 group compared to the NaF group .’
demonstrates that rinsing with SnF2 favorably affected glngival health. ]
Since we have also noted decreased caries, and greatly reduced S. mutans in
these same subjects rinsing with SnF2 compared to NaF, SnFZ may have gl
advantages at least In subjects with dental dlsease. Thls noted effect of .

SnF2 on gingivitis levels differs from the only other long term examining

this parameter. Perhaps our population of adults with existing
ginglivitis, or the fact that our subjects rinsed twice a day, seven days a
week could account for the dlfferences.

Theoritically SnF2 has the potential of affecting ginglival health,

: . .
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Studlies in vivo have shown that SnfF2 irrigated Into periodontal pockets
dramatlically reduces the number of presumptlve perlodontopathic
microorganisms and glngival bleeding, and | yjtro Studlies have shown that
SnF2 Is more effective than other fluoride compounds In Inhibiting growth

and viablity of B, melogenicus, and Actinomyces specles.

From several short term studies showing antiplaque effects of SnFZ and

the present study showing a small but significant affects on glinglvitis,
trequent rinsing with SnF2 may have greater effect than other fluoride

rinses In treatment of subjects with high carles activity and perlodontal

.
B .
.A!AAJJJ [l

disease. However, as we observed In this study It may be difficult for the

average patient to follow a reglme of twice a day rinsing over an extended

ii period. Perhaps other dellvery systems or regimens that don't require as i&
o much patlent cooperation are necessary as a large scale public health -
measure. b
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STUDY 6: SAFTEY AND ANTIBACTERIAL PROPERTIES OF

CONTROLLED RELEASE SNF

INTRODUCT ION

Sustained release del lvery of drugs has several advantages: (1) I+t
enable lower dosage of drugs because the agent Is released near the
Intended site of actlon, (2) it overcomes problems of side effects because
of the lower therapeutic levels; (3) 1t reduces need for patient
envolvement; and (4) it eliminates the need for frequent drug
administration,

fn dentistry sustained release systems have been explored for
delivery of sterolds, anti-fungal drugs; antlbacterials ; and fluorlides for
the control of dental caries and remlnerallzation. To date the largest
a clinical study has been performed with a trilaminate methacrylate sodium
fluoride~-releasing device cemented to the buccal surfaces of teeth of 11
subjects. The intraoral device was found to elevate the levels of fluoride
in plague, sallva and urine, but had no effect on plaque or gingival
parameters.

Fluorice lons may act as a therapeutic agent by altering bacterial
metabolism as well a reacting physicochemically with enamel to reduce
enamel| solubllity or remineralize initial caries. Stannous fluoride has
been shown to have a greater effect on bacterial metabollsm than other

fluoride compounds. Pilot studles with stannous fluoride Incorporated in
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polycarboxylate cement and used as a temporary Iintercoronal restoration
have been performed to test its potential as an antlplaque device. These
studles, performed 1n yltro and In one subject, demonstrated that the SnF o=
polycarboxylate cement had sufflicient compressive strength, released of
tluoride at therapeutic levels, had acceptable clinical properties, and

caused a visual change in plaque formatlion .

el gr il e e . SRS S it | Ah Ot

Based on these favoratle initlal experiments, the present clinical
study was performed to further evaluate the saftey and efficacy of the

SnFo-polycarboxylate Intercoronal restoration in two human clinical trlals.
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E MATERIALS AND METHODS

Safety and Fluoride Release

Elght subjects were used to test: |. the Integrety of the SnF,
polycarboxylate cement as an Intracoronal restoration; 2. the potential
side effects; 3. +the oral release of fluoride from the cement, and 4. the

charge of fluorlide levels in the urine. Subjects consisted of dental

students and dental assistants who consented to the study and had a
defective restoration in a molar tooth requiring at least a two surface
restoration. The tfrlal period, when the slow release restoration was In
place, lasted 34 days.

A week prior to the trial and during the trial period, all subjects
were glven fluoride free toothpaste and instructed to use only this
* toothpaste until the experiment was over.

The SnFy-polycarboxylate cement was prepared by combining pulverlized

SnF, with polycarboxytate powder (Durelon, Premlier) in a ratlo of I:I

RN

(W/ W), The fluoride crystals were pulverlized to a fline powder by
triturating the compound In a dental amalgamator (Wiggle-bug, LPGO, Cresent
F Dental) for | minute at maximum velocity.

y The test tooth In each subject was prepared conventionally for an
Intracoronal restoration. Orthodontic bands were then fitted around the

test tooth. (The bands were used to prevent tooth drift In case the

O

temporary restoration was lost prematurely.) The San-polycarboxylafe ;
powder was mixed wlith the polycarboxylate liquld according to manufacturers

instructions and used to cement the ot thodontic band around the tooth as ‘,

e 44

well as restoring the tooth. Approximately 300mg SnFP (72mg F7) was used

in each restoration, The teeth were kept dry throughout all procedures

with the ald of rubber dam isolation. After the cement had hardened, the

43

bl el adnd oioldad 3 [P PN L L) s e P . _—y Lol e o - o - o




xR ind A IR ek i il B i) Ay Sl Sl Shagl il Sl Yl Sl Sk S AP et oy LI S YA S i A Yl YR Bl N T YRl Bl R}
- . . PR et e

rubber dam was removed and occluslion of the restoration was adjusted.
Besldes glving the subjects Instructions about glving saliva and urine
samples, the subjects maintalned normal oral hygiene and activity. The
temporary restorations were photographed, approximately I:|, at the time of
placement and agalin at the end of the trial perlod. At the end of the
trlal, the slow release restorations were replaced with either amalgam or
gold restoratlons.

Twice prior to the trial period and twice weekiy during the trial
period, sallvary and urlnary samples were collected between 8 and 10 a.m. k
Salivary samples consisted of whole salliva, stimulated by having subjects
chew on parafin. Salliva and urine samples were diluted 1:1 with lonlc
strength buffer (TISAB with CDTA). The fluoride lon concentrations of the
samples were then determined using a comblnation fluoride electrode (Orion,
mode!l 96-09) connected to a digltal readout electrometer. Mlilvolt
readings of the samples were compared to those of NaF standards. .g
Etflcacy

Fourteen subjects were alternately assigned Into 2 groups so that half

had a controlled release Snfj restoration placed In a molar and half had a

placebo restoration (IRM). As In the previous trial the subjects were

dental students or assistants who requlred two or more surface restoration ]
:

L

in a permanent molar. ii
A two week initial preparation period, In which all subjects were ]

scaled, pollshed and glven detailed Instructions In effective plaque
control, preceded the experimental period. On day one of the experimental ‘?

period a temporary restoration of either 50% SnF, in polycarboxylate cement

or IPM was placed within a cavity preparation of a tcoth of the approprieate

subject. The procedure was ldentical to the previous trial except that

orthodontic bands were not used this time around the restoration. Subjects
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were then Instructed to abstain from all forms of active oral hyglene for
the next 14 days. Following the |4 days trial perlod, permanent
restorations were placed In the test teeth, oral hygiene was reinstituted,
and each subject recelived a profesional tooth cleaning. Subjects continued
to be followed for 2 weeks after the experimental perlod (Figure 6).
Microblologic basel ine samples were taken twice before the trial (one
week prio and Immediateily before the temporary restoration was placed).
Microblologic samples from each subject were again taken on day 7 and {4 of
the trilal and twice during the post-trial period. The microblologic
procedures consisted of enumerating total colony forming units, S. sanguls,
and S. mutans from salivary samples. Stimulated saliva from each subject
was collected as previously described in the morning for each deslgnated
period. One ml of sallva from each subject was diluted with 3 mil of

reduced transport fluld without ethylenediamine tetraacetate, sonicated for

10 sec. at output setting 4 (Bronson, BI5, with microtip), and then
serially dlluted. Samples were plated onto enriched trypticase soy blood
) agar, MM10 with 20% sucrose and HLR with 20% sucrose and 0.2 units
ﬁl bacitracin. Special sectors contalning 20 to 50 colonies were quantltated
for total colony forming Into units, S, sanguls and S. mutans,

respectively. Q2. sanguls and S. mutans were identiflied by morphologic

criteria. Questionable colonles of S. mutans were subjected to blochemlical

~—

analysis., The mean of 2 samples for each time Interval was used to 1

distrbute each subject into ranges with regard to total colony forming

"vv —r

units, 3. sanguls and S. mutans. F’
.

Clinical measurements of glnglvitis-G.l. and plague-PI1 were taken on j

4

each subject immediately prior to placement of the temporary restoration j

and measurements were repeated on days 7, 14, and 28. The mean frequency
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of scores "0" and "2" for each subject were used to determine the group

mean scores of "O" and "2" at each scorling period.

RESULTS

Satfety and Fluorlide Release

O0f the 8 subjects who had the SnfF,-polycarboxylats temporary

restorations placed In a molar tooth, 7 completed the 34 day trial. One
subject was discontinued after 5 days because the proximal portion of the =
restoration broke. All the subjects on the flrst day experlenced paln and l*
gingival Irritation where the orthodontic band and SnfF,- polycarboxylate
cement that was used to cement the orthodontic band touched the ginglva.
Because of the irritation, the orthodontic band and cement that held the ﬂ
band was removed from all subjects after the second day.

The baseline sallvary fluoride levels for all subjects was less than

0.5 ppmF~. The sallvary fluor(de [evels [ncreased to a mean of [.5 ppm on
the second day after the restcration was in place. The salivary fluoride
levels sharply declined on day 6 to a mean of 0.5 ppm and then gradually

decreased durlng the rest of the trial. Detectable levels of fluoride

above baselline were still found at 4 weeks. Over the course of the 34 day b
trial the mean salivary fluoride level was 0.3 ppmF (Figure 7).

Basellne urinary fluoride levels were approximately 0.7 ppmF. On the L

- .
NIt NP

second day of the trial the mean urlnary fluoride leve! of the subjects was

2.2 ppm. Urinary fluoride levels were only siightly above baseline after

: 1
4
day & (Figure 8). Eﬂ

46

P VS UL VI VR R DAL YR, VR R i A T O




— . L ame s cn an ed sas coun o Sl Sk aee ot ame ouh b and el BAS D ol o S ot abt 28 aliL AR AR SR AR SAd. At Ao grui At AR A

Except for a delay In the setting time (approximately |15 mlinutes), the
San-polycarboxylafe combination was similar to that of unaltered
polycarboxylate cement. Excluding the one broken restoratlion, the Integrity
of the filling material was excellent during the trlal period. There was
no noticeable wear of the restoration on the margins or on the proximal
contact. Atl restorations, however, had a change In color from white to
dark grey (Flgure 9).

Efticacy

Subjects recelving the SnfF,-polycarboxylate cement and whose cavity
design extended subglnglvally agaln experlenced paln and ginglval
Irritation lasting 2-3 days. Glngival sloughing of the sulcular eplithelium
appeared to have occurred In 2 subjects who had preparatlions extending
several milImeters subginglivally.

Categorlization of subjects by the number of total colony formling
untts/ml sallva revealed a shift to Increased number of bacteria In those
subjects receiving the control cement during the experimental period. No
increase in total CFU was observed In those subjects having the Snf>
restoration (Table 18). Subjects distributed by S. mutans recoveries at
the different intervals revealed that during the experimental perlod there
was a shift upward In S. mutans in those subjects having the placebo while
there was a shift downward in those subjects having the SnF, restoration
(Table 19). As with total CFU, the 5. sanguls counts Increased durling the
experimental perlod and decreased in the post-experimental period (Table
20). However, no difference between the Snf,-polycarboxylate group and the
placebo group could be noted at any time interval.

Flagque scores of all the subjects were excellent at baseline as shown
by the high number of "0's" and the fow number of "2's". After 7 days of

no oral hyglene in the experimental period, both groups had a similar high
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number of "2" scores. At 14 days, the frequency of score "2" was 6% less
In the SnF;, group. At the end of the |4 day post-trial period, the large
number of "O" scores indicated reinstitution of excellent oral hygliene
practices, but the placebo group showed a 0% higher number of "O" scores
(Table 21).

The ginglval health of the subjects was also excellient as shown by the
high frequency of "0" G! scores In both groups. Little change In gingival
health was noted until| the end of the trial period (2 weeks without oral
hyglene). No difference, however, was detected In ginglvitis ievels at
this time. The post-trial Gl scores showed that all subjects' gingival

health returned to baseline levels (Table 22).
DISCUSSION

The present clinical trials were designed to examine the safety and
efficacy of a controlled release dellvery system of San in a small number
of human subjects. Although the study designs do not permit statistical
tests of significance, certaln trends are apparent.

The compatibility of large quantities of SnF, In polycarboxylate
cement, as shown in a previous pllot study is apparent. The San
restorations showed no signs of wear or loss of Integrity In both the
trials. The release of SnfF, from polycarboxylate cement as measured by the
sallvary fluoride levels over a 34 day period, was similar to release
patterns of other drugs from controlled release devices . There was an
initial large release of fluoride in the first days followed by a an |inear
decline in salivary fluorige levels over month perlod. The mean fluorice
levels over the month perlod of 0.3 ppm F may have been less than optimal.

This refease rate, however, may be reallstic relative to having only cne
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restoration in the mouth of each subject. The finding of only minor
increases In urinary fluoride levels further substantiates the systemic
safety of this release system.

The side effect of ginglval irritation and consequent patient
discomfort where the restoration touched glinglval tlissues can not be
fgnored. Both Snf, and aclidulated NaF have been reported to cause
irritation, of crevicular epithelium especially In the presence of ginglval
inflamatlion. |In this dellivery system, where gingival tissues are Irritated
due to operative procedures, Inflamation of the ginglfva surrounding the
tooth receiving the temncrary restoratlon can not be avolded. However, In
the future, avolding soff tissue contact of the SnFp-polycarboxylate
restoratlion may be possible by placing this restoration only in situations
where It does not touch the gingiva, (l.e. Ciass | restorations), or by

protecting the gingiva wlith an orthodontic band cemented around the tooth

with a non-fluoride contalnling cement prior to placement of the controlled
release restoration.

Some effect on both the quantity and proportion of microorganisms was
noted in those subjects who had a San—polycarboxylaTe restorations in
place. While there was an Increase of recovery of total colony forming
units from <alivary in the placebo group during the experliemental perliod,
rrobabtly due to suspension of oral hygiene In this period, a decrease In
totael bacteria was noted [n the SnFop group. This decrease In sallvary
microcrganisms may be selective slnce Q. sanguis recoveries showed no
citterence between group but S mutans recoverles appeared less In those
subjecte raving the SnFo restoration.  This selectivity of SnFy against S,
mutane has teen previously observed,

The etfect ot the Snk, dellivery system against plaque and gingivitis

was not immpressive. Only at one data polnt, the frequency PL! score 2 at
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day 14, showed a reduction of 168 for those subjects who had the SnFp
controiled release devices In place. We had |Ittle expectation of finding
differences between groups with regard to these parameters. The large
pelllcle deposlts produced by SnF2 interfere wlth traditlional plaque
scoring methods. Other measurement systems which take this problem Into
account should be used when visualizing plaque In a study using SnF,,
Ginglvitis scores were not different between the SnF, group and the placebo
group. However, the study period of only 2 weeks does not permlt enough
time for ginglvitis to develop In experimental ginglvitis model. Longer
term studies using Snf, at higher concentrations In animals and humans have

shown reduced glinglvites due to SnFj.

These present studies must be compared to the results found with a
recently reported study with controlled reiease NaF, 1In that study 2
membrane controlled release NaF. In that study, two membrane controlled
devices contalining 42 mg each of NaF (total of 38 mg F~/subject) were
cemented to first molar of |l subjects. Side effects in that study were
that 2 devices fell off and several subjects reported that the device
caused Irritation to soft tissues. The membrane contro!led devices did
Increase fluoride levels In saliva and plaque, but no changes could be
found In clinical plaque, gingivitls or microbial parameters.

Obviously, devices for the controlled release of fluoride need more
development and cllinical trials before they can be accepted as a
therapeutlc approach on a population basis. Further clinical trials that
have reduced tissue irritation, Increase the amount and duration fo
tluoride release and greater bacterial effect need to be achleved. Perhaps
use of SnfF, in these release systems, because of its apparent selectivity

against 5, mutans and employment of an intercoronal delivery system because
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F the quantity of fluoride compounds can be Increased In subjects requlring

restoratlions of mulitiple teeth, should be further explored.
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Agent e (_ppm) (ppm)
H,0 2.5,
NaF 0.055 303 250 2.5, 3.0,
SnF, 0.103 783 250 2.0, 2.5,
5.0, 6.0, 7.0 4
%
snC1, 0.124 783 463** 2.5%, 7.0 ]
4
; Snf 0.064 390 250 2.3 3
K
i' ZnF, 0.068 428 250 5.2% ‘#
{ Cuf, 0.067 418 250 3.0, 6.0
9 -_-l
- PbF, 0.065 545 100*** 3.0, 6.0

x

*unadjusted pH
**SnClp prepared to be cationicly equal to that of SnFp.
***PbFo not soluble at 250 ppm F.

Table 1: List of agents tested against S. mutans. Percentage of compounds
prepared to give same anion concentration.
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Acid Plaque Metal/mg
Agent Production Plaque Weight Plaque
Agent __pH . _{apH)  Score? _(mg) . (19)
Naf 5.5 2.7 3 9.8 + 0.6 N.D.
ZnF2 5.2 2.8 3 10.0 + 0.5 0.05 + 0.01
SnF4 2.3 2.6 3 10.9 + 0.2 8.9 +2.0
SnF2 3.5 0.4 <] 1.3 + 0.4 39.1 + 1.4

a Scored by McCabe method

N.D. = Non-detected

N=3; x + S.D.

Table 2: Effect that twice daily exposure of listed fluoride compounds (250 ppm F-)
had on several growth parameters and metal uptake of S. mutans NCTC
10449.
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Acid Plaque Metal/mg
Agent pH Production Plaque Weight Plaque
Agent (adjusted) (a pH) Scorex (mg) (ug)
H,0 2.5 2.8 4 11.0 + 0.2 N.D.
7.0 2.7 4 10.7 + 0.5 N.D.
NaF 2.5 2.5 4 12.5 + 0.5 N.D.
7.0 2.7 4 11.2 £+ 0.9 N.D.
SnCl2 2.5 2.7 4 12.3 + 0.6 1.4 + 0.6
7.0 2.7 4 11.1 £ 0.7 0.3 £ 0.1
SnF, 2.5 1.7 2 7.2 +2.0 13.6 + 4.1
7.0 2.6 4 13.0 + 0.5 0.5 + 0.1

a Scored by McCabe method.

1]

N.O. Non-detected

N-3; x - S.D. 1

Table 3: Effect that twice daily exposure of fluoride compounds (250 ppm F~) or 1
controls adjusted to low or neutral pH, had on S. mutans NCTC 10449
growth and metal uptake. % |
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Acid Plaque Metal/mg
Agent pH Production Plaque Weight Plaque

Agent (adjusted) (a pH) Scorea (mg) (ug)

2.0 0.2 1 1.8 + 0.1 A

3.0 0.2 1 2.4 + 0.5 42.9 + 7.1
SnF2 4.0 0.5 1 2.6 £ 0.5 36.9 + 3.6

5.0 1.0 3 5.7 =+ 0.4 20.1 + 0.5

6.0 1.6 4 5.9 + 0.8 3.6 + 0.7 —

a Scored by McCabe method.
A Laboratory accident.

N=3; x - S.D.

S. mutans NCTC 10449 growth and metal uptake.

4

g

Table 4: Effect that twice daily exposure of Snfy (250 ppm F7) at various pH's had on ii
]

4




Acid Plaque Metal/mg
Agent pH Production Plaque Weight Plaque -
Agent (adjusted) (a pH) Scorec (mg) (ug) .
NaF 3.0 1.9 3 5.7 + 0.2 N.D. g
6.0 2.3 3 4.6 + 1.0 N.D. ‘¢
PbF2 3.0 1.9 3 6.7 + 0.3 3.3 + 0.5
6.0 2.0 3 5.5 + 0.1 2.4 + 0.7

a Scored by McCabe method.

N.D. = Non-detected.

f
'i N=3;

9 Table 5: Effect that twice daily exposure of NaF (250 ppm f~) or PbFp (100 ppm F-) had
; on S. mutans NCTC 10449 growth and metal uptake.

+ S.0.
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Acid Plaque Metal/mg
Agent pH Production Plaque Weight Plaque
Agent (adjusted) (A pH) Scorea (mg) (ug)
NaF 3.0 2.39 5 13.3 + 0.9 N.D.
6.0 2.33 5 12.4 + 1.9 N.D.
CuF2 3.0 2.42 5 12.7 £+ 1.6 Trace
6.0 2.48 5 13.0 + 0.8 Trace

a Scored by McCabe method.

N.D. = Non-detected.

N=3; x + S.D.

Table 6: Effect that twice daily exposure of NaF or Cufg (250 ppm F-) had on S. mutans
NCTC 10449 growth and metal uptake.




......... - DR RIC AR R sl s el e i o o R A A A a0 a LNt g Y T Ry
n
ey

Acid Plaque Metal/mg
Agent Production Plaque Weight Plaque ‘ﬂ
Agent pH . (& pH) Scorea (mg) (n9) 9
E
H20 6.0 2.2 o 8.3 + 1.0 N.D.
SnF2 3.5 1.3 3 12.2 + 0.7 9.7 + 2.5

[ a Scored by McCabe method.

; N.D. = Non-detected

? N=4; X + S.D.

P Table 7: Effect that twice daily exposure of SnfFp (250 ppm F~) had on preformed

* S. mutans NCTC 10449 plaque.
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CARIES MICROBIAL
SCORE RECOVERY

Tx n ENAMEL Red. DENTINAL  Red. X106
H,0 13 || 6542180t - 3.23 + 2.45 - 37.6 +36.0

Naf 14 385151 41% 0.57 £ 0.94* | 82% 199 + 214

SnF, 13 369 +2.10% | 44% 0.46 + 0.78* 86% 276 325

. t x +S.D.
’F * Significantly different from deionized H20 group, p < .05

Table 8

Caries Scores and S. Mutans Recovery in Hamsters Orinking
F Deionized Hp0, NaF, or SnFp (5 ppm F-) for 64 Days.
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Figure 1: Increasing the pH of SnF) decreases its effectiveness as shown by
the greater plaque accumulation on wires and the reduced tin per
mg plaque.
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Electron micrograph of S. mutans exposed to NaF (250 ppm F~). R

Figure 2:
Unstained, X80,000
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Figure 3: Electron micrograph of S. mutans exposed to SnfF2 (250 ppm F7).

Note frequent intracellular efectron dense granules (black »
arrows) and electron lucent holes (white arrows). _J
b Unstained, X80,000 &;
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figure 4: Electron micrograph of S. mg}ng_exposed to PbFp (100 ppm F~).

Note electron dense granules outside the bacteria.
Unstained, X80,000
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Figure 5: Means and standard deviations of enamel and dentinal cariolis lesions
per hamster drinking eitner deionized H20, NaF, or SnF? (5 ppm F-).
Experimental caries was produced by oral inoculaticn of streptomycin-
resistant S. mutans NCTC 10449 and by NIH diet 200G. ExpoSure to

fluoride started when animals were approximately 38 days old to
provide essentially a topical effect.
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Figure 9: Condition of the SnFp-polycarboxylate restoration after 34 days }
in a "MOD" cavity preparation in a first permanent moiar. ",
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